practices (1940s) . The prototype for modern Lean Manufacturing was the ToyotaProduction System, whose creators were: T. Ohno, E. Toyoda, S. Shingo (Wolniak, 2013) . The term "lean" was first used in 1988 by John Krafcik in the article "Triumph of the Lean Production System", while in 1990 a group of scientists from the Massachusetts Institute of Technology: J. Womack, D. Jones and D. Roos, presented the study "The Machine That Changed the World", giving the concept of "lean" a special meaning (Womack, et al., 1991) . The basic objective of the Lean concept is the elimination of activities that do not bring added value in the company's processes, referred to as wastage (muda).Seven categories of wastage are distinguished: over-production, standstills, failures, redundant operations, improper processing, excessive stocks, redundant internal transport. The essence of the Lean concept is based on the following rules (Bendkowski and Matusek, 2013) :
− defining values from the customer's point of view, − setting all actions that create value added for the product along the value stream, − ensuring activities that create undisturbed flow, − application of a suction system, − striving for perfection through the continuous elimination of emerging losses. The Lean concept offers many tools that allow efficient and effective implementation of the "lean" management model in an enterprise, as well as for undertaking further improvement activities. The basic Lean tools include (Furman and Kuczyńska-Chałada, 2017) :
− 5S technique -a continuous process that allows you to organize your workplace by launching activities that implementation of which allows to achieve order and simultaneously improve the level of safety, − Kaizen -concept of continuous improvement including development made in small steps in every area of the company, based on three pillars: 5S technology, standardization and loss deletion, − Value Stream Mapping (VSM) -method of processes mapping showing the flow of materials and information during the duration of a process, − Single Minute Exchange of Die (SMED) -the aim is to shorten the time of machine retooling operations by applying standardized organizational activities that minimize the number of essential operations necessary for the conversion, − Total Productive Maintenance (TPM) -continuous process of operating machines and devices in the enterprise, performed by maintenance workers and machine operators; the goal is to maximize the efficiency of the machine park by taking action to prevent potential failures. It should be noted that the important element of process improvement is also the work safety aspect (Małysa et al., 2016; Małysa et al., 2017 ) -implemented improvements should include safe working conditions and reduce the number of potential accidents.
WORK SAFETY IMPROVEMENT WITH THE USE OF THE LEAN MANAGEMENT TOOLS
Most of the causes of problems occurring in production processes are closely related to the course of these processes, conditions and organization of work, as well as health and safety. Lack of actions undertaken to solve these problems results in dissatisfaction of employees, causing a decrease in their involvement in work. At the enterprise level, on the other hand, it affects overall productivity, product quality and market competitiveness. The literature of the subject most often refers to the Kaizen concept, in which the 5S technique is the main supporting tool used to solve problems arising from the organization of work. Good organization of work increase of safety in enterprises but all works have to build the attitudes of safe work but there are a lot of internal sources of risk in the building such new work place (Gajdzik and Grzybowska, 2013) . That is why companies are trying to extend the scope of 5S to the next stage -Safety (6S) -associated with safe working conditions. In this context, safety is interpreted as a foundation for the implementation of subsequent stages of the standard 5S system. A company deciding to implement the 6S method should adopt a strategy based on prevention, characterized by the identification of all hazards that may in the future constitute the source cause of the accident, for which improvement actions should be proposed in accordance with the particular stages of 5S. This approach will allow to create a safe workplace (Gableta et al., 2016; Gajdzik, 2014) . The employer is primarily responsible for making key decisions regarding the scope of activities aimed at improving work safety. The rights and obligations of the employer and employee in the field of health and safety are regulated in Poland by the provisions of the Labour Code and detailed regulations covering this subject. The employer is obliged to provide employees with safe and ergonomic working conditions, health prevention, appropriate environmental conditions and OHS training. However, the employee is obliged to comply with all established standards and health and safety rules (Gableta et al., 2016) . Working conditions are defined as a set of all factors present in a given company, closely related to the specificity of work and the space in which it is performed. Employers 'interest in material conditions and work safety is mainly caused by the issue of employees' interests. The application of 5S practices in enterprises affects the compliance with legal requirements regarding health and safety at work, as while implementation of subsequent stages of the method and setting internal standards of behaviour and implementation of the process at workplaces, employers base on the provisions contained in the safety regulations. Moreover, the 5S technique includes the improvement of areas related to material conditions and work safety, and supports the implementation of various employee interests, including social and psychological aspects of comfortable human functioning in the organization. Implementation of 5S or 6S practices, as the main pillar of Kaizen, enables the improvement of many areas related to occupational safety, material working conditions and the realization of the interests of employees and enterprise. It introduces order, eliminates unnecessary objects and equipment, leads to discipline and self-discipline, manifested, for example, by the use of personal and collective protection (Gableta et al., 2016; Pocztowski, 1998) .
ANALYSIS OF POTENTIALLY ACCIDENTAL EVENTS IN A PRODUCTION ENTERPRISE -CASE STUDY
Potentially accidental events are events having the nature of an accident situation, but at the same time not resulting in an employee injury. In order to effectively manage them, it is necessary to determine: the cause of the event, its potential effects and plan corrective actions. In the analysed plant, in accordance with internal regulations, activities related to recording and analysing information about potentially accidental events are carried out. A procedure was developed to reduce the occurrence of potentially accidental events. It includes: the stage of event identification, stage of event analysis and the stage of implementation and assessment of corrective and preventive actions. Potentially accidental events may be reported by the operators, maintenance workers and production line managers. Some events are identified during audits of workstations carried out under the 5S method. Information on potentially accidental events is placed in the register kept by the enterprise. The most frequently used quality tools are used to identify root causes of events: Ishikawa diagram, 5Why analysis, root cause analysis. When analysing potentially incidental events, the following aspects are taken into account:
− behaviour of the employee that could lead to the occurrence of the event, e.g.:
deliberate non-compliance with work procedures and regulations, improper performance of tasks, non-use of personal protective equipment, improper use of machinery and tools, neglect of threats, − way of organizing the workplace, − technical factors, e.g. type and condition of machinery and equipment, collective protection measures applied in the plant, condition and quality of control systems and devices signalling the threat, − material factors related to raw materials used for production, − work methods at the workstation where potentially accidental events occurred, including compliance with the principles of work ergonomics, access to safety instructions, equipping employees with personal protective equipment and access to such.
Identification of threats in an enterprise
In the analysed plant, due to the specificity of the processes carried out and the type of machinery and equipment used, key threats have been identified that may result in accidents at work. The categories of threats together with their potential causes are presented in Table 1 . The causes of threats pose a direct threat to the life and health of employees, they are also identified as the root causes of the occurrence of potentially accidental events in the analysed enterprise.
Table 1 Hazards and their causes in an enterprise
Source: (own elaboration on the basis data from company).
Analysis of potentially accident events
Based on the data provided by the company, the analysis of potentially accidental events was conducted. In 2016-2018, the number of reported events amounted to 340, 579 and 540 applications respectively (Fig. 1) . The increase in the number of notifications in 2017 by 239 compared to 2016 resulted from the fact that employees were trained with the notification reporting system (which was a problem in previous years) and increased awareness of work safety. When registering applications, the risk level is determined on the basis of the analysis carried out at the plant (small, medium and large risks) and the category related to the nature of the event marked with letters: B, O or T. Category "B" refers to behavioural events related to improper behaviour of the employee (e.g. non-use of protective clothing, inappropriate use of tools, distraction, neglect of hazards, etc.). The category "O" is given to events of an organizational nature, resulting, for example, from the adopted working procedures (category includes, among others, lack of supervision over employees or inappropriate supervision, lack of safety instructions, improper organization of the work area, excessive work pace, etc.). Category "T" is assigned to technical events, resulting from the use of machine and tools park (e.g. damage to machine's protective cover, loosening of moving machine parts, damaged tools, failure of control systems, damage to electrical wires, etc.). Due to the limited possibility of publishing all data from 2016-2018, the article presents detailed results only for 2018. The analysed company provided data on potentially accidental events, however the registered data do not coincide with the statistics presented on the number of notifications -therefore only some of them were analysed. This problem stemmed from the fact that a number of events reported by employees were ultimately not considered a potential accident or were not classified as an accident at work and were subject to a different procedure.
In 2018, out of 540 potentially accidental events reported in the company, 322 were registered. Most events (as many as 172) concerned the production line C, which clearly dominated over the remaining areas in terms of the number of these events (Fig. 2) . This means that improvement activities are necessary in this area. There were 107 events with an average risk level and 81 events with a high level of risk (which accounted for 58.4% of the total number of registered events). It is connected with the probability of an accident, therefore prophylactic measures should be applied to these events. In 2018, 96 low-risk events were registered, and no risk category was assigned to 38 events (Fig. 2) .
For 308 potentially accidental events, a category related to the nature of the event was assigned (Figure 3) . The highest number of notifications concerned technical events ("T", 230), definitely less related to organizational events ("O", 57) and behavioural events ("B", 21) . It should be noted that as many as 132 technical events were recorded on production line C. These results indicate the need to undertake improvement actions aimed at improving activities within the TPM system operating in the plant (both in terms of duties performed by employees of the maintenance department and operators performing activities under Autonomous Maintenance, AM).
Fig. 3 Potentially accidental events registered in 2018 due to the event category and the occurrence area
In 2018, to 249 potentially accidental events a category of the effects of their occurrence was assigned. The dominant category were cuts and scratches (94 reports), 47 reports related to fractures, dislocations and sprains, while 41 concerned minor wounds and surface injuries (Fig. 4) . It should be added that the results of the analysis for 2018 show a similar problem for the entire examined period 2016-2018, both in the areas of potentially accidental events, the level of risk, and the category of events and their consequences.
Fig. 4 Effects of reported potentially accidental events in 2018

DETERMINATION OF THE EFFECT OF SELECTED TOOLS OF LEAN CONCEPT ON WORK SAFETY IN THE ANALYSED ENTERPRISE
The analysed company implemented solutions in the field of Lean concept, which are important from the perspective of ensuring safe working conditions, including: Kaizen, 5S, TPM, poka-yoke. Kaizen is based on such values as the employee's responsibility at the place of production, creating an orderly workplace, the ability to identify and eliminate losses, standardisation of work.
In the case of work standardization, each of the requirements is described in such a way that it is legible and understandable for employees. Standards in force in the enterprise refer to the ways of performing tasks and requirements in the scope of system operation and methods of its improvement. The standardization process includes four stages: identifying the problem, analysing the possibilities of solving it, implementing the best options for improvement and standardizing the procedure. Periodic trainings of employees are carried out to improve their skills in the area of work performed. Activities aimed at developing creative cooperation and increasing employee involvement have been introduced, such as: by working in small groups to analyse and solve problems at their place of occurrence, reporting improvements at workplaces (suggestion system). As part of the suggestion system, all implemented ideas are described in the form of standards and are subject to improvement (employees receive cash prizes). Fig. 5 shows the number of ideas submitted by employees using Kaizen cards in 2016-2018, divided into realized, considered and rejected. In 2017, 65 notifications from 95 were accepted for implementation, while in 2018 none of the 50 notifications were rejected. The most reports concerned improvements related to working methods, facilitating the performance of tasks (99 suggestions) and work efficiency (82 suggestions). 49 notifications concerned improvement of health and safety conditions, the number of which increased in the analysed period (Fig. 6) .
Fig. 5 The number of suggestions reported in 2016-2018
From the perspective of occupational safety, it was important to change the distribution of positions in the production hall, which was carried out in such a way as to limit losses in the form of unnecessary staff movement and excessive transport. The work stations were located in close proximity to each other, transport routes and production areas were determined using visual management. An important element of Kaizen in the plant is the 5S method, which was introduced in the initial phase of the Lean Manufacturing system implementation. As part of the 5S practices, all the tools, objects, and storage places were labelled in an appropriate manner, which allowed maintaining order in the workplace. In the workplace, there are instructions that indicate the correct and safe way to perform tasks, how to report problems and describe the principles of maintaining cleanliness. In order to maintain standards, the 5S system in the plant is subject to regular auditing. In the Kaizen enterprise, the "gemba walk" principle was introduced, obliging production line managers to verify all reported problems and identify reasons for their occurrence with operators in the place of notification. Problem monitoring by managers allows to analyse and solve the problem, preventing hazardous events. The plant also implemented pokayoke solutions to prevent errors or accidents at work, e.g. production machines were equipped with sensors that emit light and sound signals, warning the operator about quality defects or machine malfunctions. After reading the signal, the operator should stop the process if necessary. This solution allows to avoid a situation in which the operator will operate a damaged machine. The analysis of potentially accidental events showed that many of them concerned technical aspects, resulting from irregularities related to the functioning of the machinery park, which posed a threat to operators. The implemented TPM system was to prevent such events while ensuring the efficiency of the technical system. In connection with the implementation of TPM, the scope of work of maintenance workers has been increased, who analyse the condition of machines and devices, plan repair and maintenance actions, and submit notifications for effective design of production lines or the purchase of new machines. For each machine, a manual was prepared at the operator's position, which includes, among others: safe use of the machine, description of security solutions, description of activities performed by the operator, principles of daily machine inspection, failure and faults reporting. Operators were trained in the safe use of the machines they work on, as well as in the most common defects. Based on the operators' suggestions, changes are made to the applicable standards. The new standards are developed in such a way as to eliminate risks to employees and the environment.
Summing up, it can be stated that the methods and tools of the Lean concept used in the enterprise have an impact on work safety. Many solutions reported by employees through the suggestion system or introduced into the practice in the form of standards, can reduce the number of potentially accidental events, improve the conditions related to the ergonomics of work and the way of its execution. However, the results of the analysis regarding potentially accidental events point to the necessity to undertake actions improving current standards -especially in relation to the production line C, where the most potentially accidental events were recorded in the entire analysed period.
Proposal for improvement actions
Based on the results of the analysis and the possibilities offered by the Lean concept methods and tools used in the company, it was proposed to conduct a more detailed identification of potentially accidental events -including in the register not only the area in which the hazard occurred, but also indicating a specific workplace, where the event was observed. On this basis, it will be possible to identify areas characterized by a high level of risk, which will allow for more precise planning of preventive actions designed for a specific workplace. Due to the occurrence of a large number of potentially accidental events of technical nature in the analysed period, improvement measures should be taken as part of the TPM system, especially in the aspect of: efficiency, selection and placement of machinery and equipment, daily machine maintenance by operators, including cleaning procedures cleaning and adjustment. Employees of the maintenance department in order to reduce the number of potentially accidental events reported and improve work safety should undergo a detailed analysis and verification: plans for machine maintenance and repairs, protocols of renovation and maintenance work, machine improvement projects aimed at increasing their reliability and safety for employees, operating instructions under AM. In order to minimize the occurrence of behavioural events, it is necessary to systematically raise employees' awareness, mainly through health and safety trainings, training conducted in the form of workplace training (e.g. using the TWI method). In order to create appropriate attitudes in employees, it is necessary to review the audits carried out so far and introduce changes to facilitate the identification and registration of employees' behaviour that may lead to accidents at work. In order to prevent potentially accidental events of an organizational nature, the following should be done: review the existing job instructions, develop instructions in the form of single-point lessons using visual management principles, apply competence matrices to verify the skills and knowledge of operators serving the job, and organize the workspace accordingly elimination of threats. Due to the high level of potentially accidental events reported in the analysed period, it was proposed to extend the implemented 5S system to the next stage related to work safety. As a result of the implementation, the current solution is to evolve towards a more focused 6S system to provide appropriate safety practices and systematically obey them. New solutions should apply to those areas in which employees reported the most suggestions, i.e. improvement of work safety, improvement of quality through implementation of ergonomic solutions, improvement of work efficiency. The extension of the existing practice requires the involvement of all employees, supported by health and safety services. Undertaken actions under the 6S system should primarily be aimed at: elimination of threats, selection and design of technical measures that are to protect employees from threats, development of a hazard warning system, and should shape the safety culture in the plant. A plan for implementing the 6S system including the following steps has been proposed:
− establishment of the implementation team and setting the work schedule, − identification of hazard areas, analysis of reports, identification of source causes, − identification and selection of improvement actions, − implementation in pilot areas and throughout the plant, − standardization and self-discipline.
Since the most potentially accidental events were of a technical nature, when developing the 6S standards it is necessary to prepare procedures and instructions for safe use of machines and to develop guidelines for the maintenance department in the area of systematic machine inspections. It is particularly important to be able to quickly identify problems and take appropriate action by operators at workstations.
CONCLUSION
Within the scope of the effective in the plant registration system of the potentially accidental events, notifications from all areas of the enterprise are analysed. The activities carried out in this regard include: acceptance of the application, registration of the application, its analysis, planning and implementation of preventive actions and assessment of the effectiveness of the actions undertaken. The analysis of potentially accidental events showed that the largest number of notifications concerned technical events resulting from improper use or damage to machinery and production equipment. This indicates the need for detailed verification and implementation of improvement activities in the field of the TPM system. Nearly 60% of all registered events were high and medium risk events. It is connected with the probability of an accident, therefore prophylactic measures should be applied to these events. Solutions applied in the Lean concept applied in the plant affect work safety. However, due to the results of the analysis of potentially accidental events, the solutions used should be reviewed and the existing standards should be improved. The implementation of the 6S system may prove to be an effective solution to improve safety. Implementation of 6S practices may encounter many obstacles resulting from, among others, misunderstanding of goals, ignorance of employees, their resistance to changes, low level of commitment on the part of management. To prevent this, it is necessary to create conditions conducive to continuous learning, cooperation and focus on efficiency, quality and safety at work.
